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Throughout the world, those responsible for developing 
national health care systems are becoming more and more aware 
of the need for using analytic tools to aid in performing a 
wide range of planning functions. The development of a health 
care system model as one of these analytic tools is the main 
task of the bio-medical team in IIASA's research area Human 
Settlements and Services. 
This paper deals with one part of that task. The first 
part describes an approach to building a universal health care 
model and defines submodels as steps in building the model. 
The relations of this approach to other studies already under- 
taken are also discussed. The second part of the paper deals 
with the morbidity model of degenerative diseases, the first 
step toward realizing the national health care model. Descrip- 
tions of other submodels will be published in the future. 

Abstract 
There have been many different approaches to building health 
care models. Because of these differences, it is sometimes dif- 
ficult to relate the developed models to each other. 
We have therefore first defined the submodels of the health 
care system and clarified the relation of our approach to studies 
already undertaken. The submodels also show the steps in building 
the health care model. 
The first step was to construct the morbidity model of degen- 
erative diseases. The validity of the model was tested for vari- 
ous countries, using statistics from the World Health Organization. 
The fit of the model to empirical data was satisfactory. The 
model was applied to an international comparison and estimation 
of trends in degenerative diseases. The study showed the feasi- 
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BUILDING A UNIVERSAL HEALTH CARE MODEL 
Introduction 
The importance of health planning is widely recognized. 
However, standard techniques of health planning have not been 
developed and there have been cries for better technologies in 
many places. 
Many health statistics have been published. While some of 
them include detailed data, these data Inay be insufficient for 
health planning, and the health planner encounters great dif- 
ficulties in how to use the statistics. Some of the reasons 
are the following. 
Ordinary statistics do not give the data in the form 
required by health planners or decision makers. The decisions 
that health planners have to make may regard an increase in beds 
for the year, or the budget for some area of medical research. 
But statistics do not give the data in appropriate form. 
Second, statistics show no interrelations among various 
data. At present they give the number of patients, and the 
death rate or prevalence rate of some diseases by region or 
country. These numbers are related, but no standard technology 
has been developed to analyze the data in their interrelation- 
ship. 
Moreover, it usually takes many years to make plans work 
so that 2lans must be prepared in advance. But data for the 
future--which zre essential for health planters--are not given 
in ordinary statistics. 
These are some of the problems that health planners encoun- 
ter. To overcome these difficulties, methods that can answer 
the above questions must be evolved. Analysis of the data by a 
simulation model is one of the approaches in this direction. 
The purpose of this study is to investigate the feasibility of 
health care modelling and to build a model using the statistics 
available at present. 
Predictive or O~timization Model? 
Models may be roughly classified into two groups. The 
first type is for predicting the future trends of various indi- 
ces under given conditions; it may be called a predictive model. 
The second type is for calculating the optimized condition under 
a given objective function. This is sometimes called an opti- 
mization or prescriptive model; it is generally used for the 
best allocation of limited resources. 
The predictive model gives the policy maker the data he 
requires. He may repeat calculations under different policies, 
b u t  it i s  h i s  r e s p o n s i b i l i t y  t o  d e c i d e  which p o l i c y  h e  shou ld  
choose .  Using t h e  p r e s c r i p t i v e  model ,  t h e  p o l i c y  maker can  g e t  
a un ique  s o l u t i o n  f o r  h i s  problem i f  t h e  model works s u c c e s s -  
f u l l y .  But  i n  u s i n g  t h i s  t y p e  o f  model,  he  must g i v e  t h e  o b j e c -  
t i v e s  o f  t h e  sys tem i n  c l e a r  form,  and t h e  s o l u t i o n  i s  a p p l i c a b l e  
o n l y  f o r  h i s  o b j e c t i v e s .  I f  t h e  o b j e c t i v e  i s  d i f f e r e n t ,  t h e  
s o l u t i o n  can  b e  e n t i r e l y  d i f f e r e n t .  
I n  l a r g e - s c a l e  h e a l t h  c a r e  sys tems ,  it i.:; n o t  e a s y  t o  d e f i n e  
t h e  o b j e c t i v e  f u n c t i o n  o f  t h e  sys tem.  The o b j e c t i v e s  a r e  u s u a l l y  
v e r y  s e n s i t i v e  t o  t h e  s o c i a l  o r  p o l i t i c a l  c o n d i t i o n s ;  t h o s e  o f  
a  c o u n t r y  may be  d i f f e r e n t  from t h o s e  o f  a  r e g i o n .  And t h e  ob- 
j e c t i v e s  o f  a  r e g i o n  a g a i n  d i f f e r  from t h o s e  o f  m e d i c a l  i n s t i t u -  
t i o n s .  
I n  s p i t e  o f  t h e  d i f f i c u l t y  i n  d e f i n i n g  o b j e c t i v e  f u n c t i o n s ,  
t h e  h e a l t h  c a r e  sys tem i t s e l f  i s  a t  l eas t  i n  p a r t  i n d e p e n d e n t  
of  s o c i a l  o r  p o l i t i c a l  f a c t o r s .  I t  i n c l u d e s  b i o l o g i c a l  p r o c e s s e s  
such  a s  m o r b i d i t y ,  b i r t h ,  d e a t h ,  o r  r e c o v e r y  from d i s e a s e s .  
These p r o c e s s e s  a r e  u n i v e r s a l  r e g a r d l e s s  o f  t h e  s o c i a l  o r  p o l i t i -  
c a l  envi ronment .  
The i n s u r a n c e  s y s t e m  o r  t y p e  o f  s u p p l y  of medica l  c a r e  may 
b e  i n f l u e n c e d  s t r o n g l y  by s o c i a l  sys tems .  But s i n c e  t h e  d e s i r e  
o f  p e o p l e  t o  r e c o v e r  from i l l n e s s e s  i s  u n i v e r s a l ,  a l l  h e a l t h  c a r e  
sys tems  must  have  some common ground i n  a n a l y t i c a l  methods. 
These  f a c t s  s u g g e s t  t h a t  t h e r e  i s  a  p o s s i b i l i t y  of  d e f i n i n g  
t h e  s t r u c t u r e  and f u n c t i o n  o f  t h e  h e a l t h  c a r e  sys tem and t o  b u i l d  
a u n i v e r s a l  model t h a t  c o v e r s  a t  l e a s t  i t s  u n i v e r s a l  f e a t u r e s .  
Such a  model w i l l  be  o f  t h e  p r e d i c t i v e  t y p e  i n  t h e  f i r s t  s t e p ,  
w i t h  p o l i c i e s  a s  e x t e r n a l  v a r i a b l e s .  
The approach  used  i n  t h i s  s t u d y  was t o  f i r s t .  G u i l d  a  p r e -  
d i c t i v e  model based  on t h e s e  c o n s i d e r a t i o n s .  
Concept  o f  t h e  Model 
One r e a s o n  why h e a l t h  s t a t i s t i c s  a r e  d i f f i c u l t  t o  i n t e r p r e t  
may be t h a t  t h e y  a r e  t h e  r e s u l t  o f  i n t e r a c t i o n s  o f  v a r i o u s  f a c -  
t o r s .  For  i n s t a n c e ,  t h e  nuiiber o f  p a t i e n t s  i s  i n f l u e n c e d  by t h e  
p o p u l a t i o n  age - sex  s t r u c t u r e ,  i n c i d e n c e  r a t e  o f  d i s e a s e s ,  a t t i -  
t u d e s  o f  consumers toward s e e k i n g  med ica l  c a r e ,  and  s o  on .  
A c c o r d i n g l y ,  even  i f  t h e  number of  p a t i e n t s  i n c r e a s e d  i n  t h e  
p r e v i o u s  y e a r ,  it i s  v e r y  d i f f i c u l t  t o  p r e d i c t  whe the r  t h i s  
i n c r e a s e  w i l l  c o n t i n u e  i n  t h e  f o l l o w i n g  y e a r .  
With t h i s  i n  mind, o u r  a n a l y t i c  approach  i s  t o  t r a n s f o r m  
t h e  s t a t i s t i c a l  d a t a  i n t o  more e s s e n t i a l  f a c t o r s  t h a t  c a n  b e  
more e a s i l y  i n t e r p r e t e d ,  and  t o  b u i l d  a model u s i n g  t h e s e  f a c -  
t o r s  [ I ] .  " E s s e n t i a l "  h e r e  means t h a t  t h e  f a c t o r s  are d i r e c t l y  
r e l a t e d  t o  t h e  h e a l t h  c a r e  sys tem and t h a t  secondary  e f f e c t s  on  
t h e s e  f a c t o r s  are  i d e n t i f i e d .  
I n  t h e  dynamic p r o c e s s ,  t h e r e  a r e  two k i n d s  o f  measu res :  
amount and  r a t e .  These  a r e  used  i n  o r d i n a r y  h e a l t h  s t a t i s t i c s .  
The number o f  p o p u l a t i o n  o r  p a t i e n t s  i s  amount,  and  t h e  b i r t h  
r a t e s  o r  d e a t h  r a t e s  a r e  r a t e s .  I n  g e n e r a l ,  w i t h  t h e s e  two 
measu res ,  i f  t h e  r a t e s  a r e  d e t e r m i n e d  t h e  amounts a r e  au tomat-  
i c a l l y  d e t e r m i n e d .  I n  t h i s  s e n s e ,  r a t e  may b e  r e g a r d e d  a s  more 
e s s e n t i a l  t h a n  amount.  W e  have  t h e r e f o r e  t r i e d  t o  i d e n t i f y  r a t e s  
a s  e s s e n t i a l  f a c t o r s  i n  h e a l t h  c a r e .  
The e s s e n t i a l  f a c t o r s  w e  have  i d e n t i f i e d  i n  o u r  model a r e  
p o p u l a t i o n  s t r u c t u r e ,  m o r b i d i t y  r a t e  (MR) , r e c o v e r y  r a t e  (RECOV) , 
p a t i e n t  r e g i s t r a t i o n  r a t e  (RPR), a w a r e n e s s  r a t e  ( A R )  and d e a t h  
r a t e  (DR)  . 
Pr imary  Components o f  t h e  H e a l t h  C a r e  System 
- - ------ 
PopuZation S t r u c t u r e :  P N f  i! : A s  s i c k  p e r s o n s  c o n s t i t u t e  
a s u b s e t  o f  t h e  t o t a l  p o p u l a t i o n ,  it i s  n e c e s s a r y  t o  know t h e  
s i z e  o f  t h e  t o t a l  p o p u l a t i o n .  Si-nce d i s e a s e s  a r e  d e p e n d e n t  on 
a g e  and  s e x ,  t h e  p o p u l a t i o n  must  be  c l a s s i f i e d  by a g e  and s e x .  
The p o p u l a t i o n  s t r u c t u r e  i s  a f u n c t i o n  o f  b i r t h  r a t e s  and  
d e a t h  r a t e s ;  t h e r e f o r e ,  i n  t h e  s t r i c t  s e n s e ,  t h e  p o p u l a t i o n  
s t r u c t u r e  may b e  r e g a r d e d  a s  a  s e c o n d a r y  f a c t c r  t o  t h e  b i r t h  
and  d e a t h  r a t e s .  However, t h e  models  f o r  e s t i m a t i n g  t h e  popu- 
l a t i o n  s t r u c t u r e  f rom t h e s e  r a t e s  have  been e x t e n s i v e l y  s t u d i e d  
by r e s e a r c h e r s  o f  p o p u l a t i o n  phenomena [ 2 , 3 ] .  I n  t h i s  h e a l t h  
c a r e  model ,  t h e  p o p u l a t i o n  s t r u c t u r e  i s  t h e r e f o r e  r e g a r d e d  a s  
a pr imary  f a c t o r .  I n  imp lemen ta t ion  o f  t h e  model ,  t h e  p o p u l a t i o n  
model w i i l  b e  i n c l a d e d  and  r u n  3.t t h e  s a n e  t i m e .  
Morabidity Rate :  M R ( C ) :  A s  shown i n  t h e  u p p e r  p a r t  o f  
F i g u r e  1 ,  t h e  p o p u l a t i o n  i s  d i v i d e d  i n t o  two g r o u p s - - h e a l t h y  (HP) 
and s i c k  ( T S ) .  S i c k  d e f i n e s  p e r s o n s  w i t h  some d i s e a s e ,  r e g a r d -  
less  o f  t h e  t r e a t m e n t .  The p e r s o n  h i m s e l f  may n o t  know t h a t  
h e  i s  ill; t h e s e  p e o p l e  a r e  i n c l u d e d  w i t h  t h e  TS a t  t h i s  s t a g e .  
T h e r e  a r e  a l s o  some p e o p l e  who c o n s i d e r  t h e m s e l v e s  s i c k  b u t ,  
f rom t h e  m e d i c a l  p o i n t  o f  v i ew,  a r e  a c t u a l l y  n o t  s i c k  a t  a l l .  
They v i s i t  p h y s i c i a n s ,  o n l y  t o  b e  examined and  t o l d  t h a t  t h e y  
a r e  i n  f a c t  h e a l t h y .  Bu t ,  s i n c e  t h e y  a r e  n o n e t h e l e s s  consuming 
m e d i c a l  r e s o u r c e s ,  t h e y  a r e  c l a s s i f i e d  w i t h  t h e  " t o t a l  s i c k "  
g roup .  
S i n c e  t h i s  i s  a dynamic p r o c e s s ,  a  r a t e  c a n  b e  assumed be- 
tween t h e s e  two amounts ,  namely,  t h e  number o f  p e r s o n s  t r a n s -  
f e r r e d  f rom t h e  h e a l t h y  s t a g e  t o  t h e  s i c k  s t a g e  i n  a u n i t  t i m e .  
T h i s  r a t e  i s  d e f i n e d  a s  t h e  m o r b i d i t y  r a t e  ( M R ) .  
S i n c e  t h e  number o f  t o t a l  s i c k  i s  n o t  known, it i s  u s u a l l y  
d i f f i c u l t  t o  e s t i m a t e  t h e  m o r b i d i t y  r a t e ,  e x c e p t  f o r  some s p e c i a l  
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Figure 1. Submodels of health care. 
R e c o v e r y  R a t z :  R E C O l r ( , i )  : P e r s o n s  who g e t  i l l n e s s e s  may 
r e c o v e r - - i n  some c a s e s  a f t e r  med ica l  t r e a t m e n t  and  i n  o t h e r s  
s p o n t a n e o u s l y .  T h i s  summary ra te  may be  d e f i n e d  as t h e  r e c o v e r y  
r a t e  (RECOV) . 
D e a t h  K a t e :  D R ( i ) :  P e r s o n s  who g e t  i l l n e s s e s  may d i e  even  
a f t e r  med ica l  t r e a t m e n t .  T h i s  ra te  i s  d e f i n e d  as t h e  d e a t h  ra te  
o f  p a t i e n t s  ( D R ) .  Note t h a t  t h i s  r a t e  i s  d i f f e r e n t  from t h e  
o r d i n a r y  d e a t h  r a t e  i n  h e a l t h  s t a t i s t i c s  ( t h e  number o f  p e r s o n s  
who d i e  p e r  u n i t  o f  t i m e ,  d i v i d e d  by t h e  t o t a l  p o p u l a t i o n ) :  
when t h e r e  a r e  more h e a l t h y  p e r s o n s ,  t h e  o r d i n a r y  d e a t h  r a t e  
d e c r e a s e s .  A c c o r d i n g l y ,  t h e  o r d i n a r y  d e a t h  r a t e  r e p r e s e n t s  
more t h e  number o f  s i c k  p e r s o n s  or t h e  p r e v a l e n c e  r a t e ,  whereas  
t h e  d e a t h  r a t e  o f  p a t i e n t s  r e f l e c t s ,  i n  some p a r t ,  t h e  l e v e l  o f  
m e d i c a l  c a r e .  T h i s  w i l l  b e  d i s c u s s e d  i n  t h e  n e x t  s e c t i o n s .  
P a t i e n t  R e g i s t r a t i o n  R a t e :  R P R ( i ) :  A s  shown i n  F i g u r e  1 ,  
t h e  t o t a l  s i c k  c a n  b e  d i v i d e d  i n t o  two g r o u p s - - l a t e n t  s i c k  (LS) 
and a c t u a l  r e g i s t e r e d  p a t i e n t s  (RS) .  L a t e n t  s i c k  d e f i n e s  s i c k  
p e r s o n s  who have had no med ica l  t r e a t m e n t .  Those s i c k  who t r e a t  
t h e m s e l v e s  w i t h  some medic ine  w i t h o u t  c o n s u l t i n g  a p h y s i c i a n  a r e  
a l s o  r e g a r d e d  a s  l a t e n t  s i c k .  
A w a r e n e s s  R a t e :  A R ( i ) :  The l a t e n t  s i c k  may b e  f u r t h e r  
d i v i d e d  i n t o  t w o  groups--aware (AS) and unaware (UAS) . Unaware 
s i c k  a r e  t h o s e  who c o n s i d e r  t h e m s e l v e s  h e a l t h y ,  a l t h o u g h  t h e y  
a c t u a l l y  have  some i l l n e s s .  Aware s i c k  a r e  t h o s e  who know t h e y  
have some i l l n e s s  b u t ,  f o r  some r e a s o n ,  a r e  n o t  uqder  med ica l  
t r e a t m e n t .  
T h i s  c l a s s i f i c a t i o n  may b e  unnecessa ry  i n  c e r t a i n  t y p e s  of  
d i s e a s e s  ( a c u t e  i n f e c t i o n s ,  s u r g i c a l  c a s e s ) .  However, i n  chron-  
i c  d i s e a s e s ,  s u c h  a s  d i a b e t e s  m e l l i t u s  o r  h y p e r t e n s i o n ,  it i s  
w e l l  known t h a t  t h e r e  a r e  many l a t e n t  s i c k  who do  n o t  c o n s i d e r  
t h e m s e l v e s  s i c k .  These  p e o p l e  become aware o f  t h e i r  i l l n e s s e s  
o n l y  when t h e y  a r e  m e d i c a l l y  e d u c a t e d .  I n  some d i s e a s e s  t h i s  
p r o c e s s  i s  v e r y  i m p o r t a n t  i n  e s t i m a t i n g  t h e  number o f  p a t i e n t s .  
T h e r e f o r e ,  i n  t h i s  model t h e  ra te  between t h e s e  t w o  s t a g e s  i s  
d e f i n e d  as awareness  r a t e  ( A R ) .  
Secondary F a c t o r s  t h a t  I n f l u e n c e  t h e  P r imary  F a c t o r s  
The p r imary  f a c t o r s  d e f i n e d  i n  t h e  p r e v i o u s  s e c t i o n s  a r e  
s u s c e p t i b l e  t o  t h e  e f f e c t s  o f  v a r i o u s  secondary  f a c t o r s .  Most 
o f  t h e  l a t t e r  a r e  o f  a  s o c i a l  o r  economic n a t u r e .  One o f  t h e  
r e a s o n s  f o r  d e f i n i n g  t h e  p r imary  f a c t o r s  i s  t o  c l a r i f y  t h e  
r e l a t i o n s h i p  of  s e c o n d a r y  f a c t o r s  t o  h e a l t h  care. Through t h e  
c o n c e p t  o f  p r imary  f a c t o r s ,  t h e s e  r e l a t i o n s  a r e  more e a s i l y  
u n d e r s t o o d  t h a n  by u s i n g  o r d i n a r y  h e a l t h  s t a t i s t i c s .  The f a c -  
t o r s  i n f l u e n c i n g  t h e  p r imary  f a c t o r s  a r e  summarized i n  T a b l e  1 .  

P o p u l a t i o n  s t r u c t u r e  is  i n f l u e n c e d  by b i r t h ,  d e a t h ,  o r  
m i g r a t i o n  r a t e s .  B i r t h  r a t e s  a r e  i n f l u e n c e d  by p o p u l a t i o n  
p o l i c y  a s  w e l l  a s  by t h e  p o p u l a t i o n  s t r u c t u r e  i t s e l f .  Death 
r a t e s  a r e  i n f l u e n c e d  by h e a l t h  c a r e .  T h e r e f o r e ,  i t  i s  e a s y  t o  
see t h a t  t h e r e  a r e  some feedback l o o p s  between p o p u l a t i o n  s t r u c -  
t u r e  and o t h e r  f a c t o r s .  
Morb id i ty  r a t e  i s  i n f l u e n c e d  by env i ronmenta l  f a c t o r s  and 
p r e v e n t i v e  medic ine .  Po l . lu t ion  o r  u r b a n i z a t i o n  e f f e c t s  must be  
ana lyzed  i n  r e l a t i o n  t o  m o r b i d i t y  r a t e s .  I n  some t y p e s  of  d i s -  
e a s e s ,  t h i s  m o r b i d i t y  i s  i n h e r e n t  t o  human b e i n g s ;  most d i s e a s e s  
r e l a t e d  Lo t h e  a g i n g  p r o c e s s  be lcng  i n  t h i s  c a t e g o r y .  
Recovery r a t e  i s  dependent  on t h e  l e v e l  of c l i n i c a l  med ic ine  
and h e a l t h  c a r e ,  Although t h e r e  i s  a n  i n h e r e n t  r e c o v e r y  r a t e  i n  
d i s e a s e s ,  i n  some d i s e a s e s  t h i s  r ecovery  r a t e  i s  s t r o n g l y  a£- 
f e c t e d  by t h e  l e v e l  o f  c l i n i c a l  medic ine .  T h i s  i s  a l s o  r e l a t e d  
t o  t h e  p a t i e n t  r e g i s t r a t i o n  r a t e :  i f  it is  h i g h ,  t h e  r e c o v e r y  
r a t e  w i l l  a l s o  be  h i g h .  
Death r a t e  i s  a  c o u n t e r p a r t  o f  r e c o v e r y  r a t e .  Pe r sons  who 
do n o t  r e c o v e r  w i l l  e v e n t u a l l y  d i e .  C l e a r l y , ,  t h e r e f o r e ,  d e a t h  
r a t e  i s  a f f e c t e d  by t h e  same f a c t o r s  a s  r e c o v e r y  r a t e .  
P a t i e n t  r e g i - s t r a t i o n  r a t e  i s  a  f u n c t i o n  of a c c e s s i b i l i t y  
of p h y s i c i a n s .  There  a r e  two conlporients o f  a c c e ~ s i b i l i t y :  
p h y s i c a l  and economic. S i n c e  p a t i e n t s  c a n n o t  v i s i t  p h y s i c i a n s  
when t h e r e  a r e  no medica l  f a c i l i t i e s ,  o r  when medica l  f a c i l i t i e s  
a r e  too f a r  away, it i s  obvious  t h a t  t h e  r e g i s t r a t i o n  r a t e  i s  
r e l a t e d  t o  t h e  number of  p h y s i c i a n s  and t h e  number of  h o s p i t a l s - -  
t h a t  i s ,  t o  rnellical supp ly .  S i c k  peop le  c a n n o t  be  r e g i s t e r e d  a s  
p a t i e n t s  i f  t h e y  c a n n o t  pay f o r  t h e  medica l  c a r e .  Recent  i n s u r -  
ance  schemes r e f ] - e c t  t h e s e  economic f a c t o r s .  The e f f e c t  o f  d i f -  
f e r e n t  p o l i c i e s  o f  med ica l  i n s u r a n c e  must be ana lyzed  i n  r e l a t i o n  
t o  t h e  p a t i e n t  r e g i s t r a t i o n  r a t e .  
Awareness i s  r e l a t e d  t o  e d u c a t i o n  o r  t h e  s t a n d a r d  o f  l i v i n g .  
When a  canpa ign  a g a i n s t  c a n c e r  i s  p r e s e n t e d  o n  a  t e l e v i s i o n  pro-  
gram, more p e o p l e  become aware of  t h e  minor s i g n s  o f  e a r l y  c a n c e r  
and v i s i t  c l i n i c s .  S c r e e n i n g  o f  d i s e a s e s  a l s o  have an  e f f e c t .  
* 
I n  some d i s e a s e s  i n  which t h e  awareness  f a c t o r  i s  r e g a r d e d  
a s  1 . 0 ,  t h e s e  e f f e c t s  must be  ana lyzed  i n  r e l a t i o n  t o  t h e  p a t i e n t  
r e g i s t r a t i o n  f a c t o r .  
Submodels o f  H e a l t h  Care  
A s  shown i n  t h e  above d i s c u s s i o n ,  t h e  h e a l t h  c a r e  system i s  
a  compl ica ted  sys tem r e l a t e d  t o  v a r i o u s  s o c i a l  and economic 
* 
The awareness  f a c t o r  i s  d e f i n e d  i n  [ I ] .  
f a c t o r s .  The b u i l d i n g  o f  a  model t h a t  i n c l u d e s  a l l  t h e s e  f a c -  
t o r s  may b e  t o o  c o m p l i c a t e d ;  hence it i s  n e c e s s a r y  t o  d i v i d e  
t h e  h e a l t h  c a r e  sys tem i n t o  s e v e r a l  submodels ( F i g u r e  1 ) .  W e  
t h e r e f o r e  d i v i d e d  t h e  h e a l t h  c a r e  model i n t o  f i v e  models .  
(These submodels a r e  a l m o s t  i d e n t i c a l  t o  t h o s e  ment ioned i n  [ 4 ] ,  
b u t  f o r  t h e  s a k e  o f  c l a r i f i c a . t i o n  of  t h e  f o l l o w i n g  d i s c u s s i o n ,  
w e  d e f i n e  them h e r e . )  
Demand Model: The demand submodel c o m p r i s e s  t h r e e  models .  
The f i r s t ,  t h e  population model, e s t i m a t e s  t h e  number of p e r s o n s  
c l a s s i f i e d  by a g e  and s e x  i n  t h e  p r o j e c t i o n  o f  f u t u r e  y e a r s .  
T h i s  t y p e  o f  popu l -a t ion  mode:!. h a s  heen f u l l y  inves . t . i ga ted  by 
r e s e a r c h e r s  o f  p o p u l a t i o n  phenomena. I n  t h i s  s t u d y ,  t h e  model 
deve loped  by K e y f i t z  and F l i e g e r  [!)I was used f o r  t h e  e s t i m a t i o n  
o f  t h e  p o p u l a t i o n .  
The second ,  t h e  morbidity model, a n a l y z e s  t h e  f a c t o r s  
r e l a t e d  t o  t h e  i n c i d e n c e  o f  d i s e a s e s .  S i n c e  t h e s e  a r e  n o t  s i n g l e ,  
t h e  f a c t o i s  must b e  a n a l y z e d  and a  model b u i l t  a c c o r d i n g  t o  d i f -  
f e r e n t  t y p e s  o f  d i s e a s e s .  I n  t h e  s t u d y p  t h e  d i s e a s e s  w e r e  c l a s -  
s i f i e d  i n t o  f o u r  g r o u p s  [ S ]  ment ioned i n  many p a p e r s .  T h i s  c l a s -  
s i f l e a l i o n  w i l l  b e  d i s c u s s e d  i n  d e t a i l  l a t e r .  
I n  t h e  demand-sz~pply mode l (or r e s o u r c e  u t i l i z a t i o n  model)  , 
t h e  p r o c e s s  r e l a t e d  t o  t r a n s f e r r i n g  l a t e n t  s i c k  t o  r e g i s t e r e d  
p a t i e n t s  i s  anal -yzed.  I n  some d i sc ta ses ,  t h e  f a c t o r s  r e l a t e d  t o  
awareness  r a t e  must  b e  a n a l y z e d .  Most o f  t h e s e  f a c t o r s  are 
socia l  o r  economic. Medica l  suppl-y i s  a n o t h e r  i m p o r t a n t  f a c t o r  
r e l a t e d  t o  t h i s  p r o c e s s .  
Resource Model: Heabth cai:e r e s o u r c e s  w i l l  b e  a n a l y z e d  i n  * 
r e l a t i o n  t o  v a r i o u s  o t h e r  s o c i a l  o r  econoxriic f a c t o r s .  The main 
v a r i a b l e s  a r e  the number of  h e a l t h  e a s e  p e r s o n n e l  and h o s p i t a l  
beds .  The f a c t o r s  r e l a t e d  t o  t h e  d i s t r i b u t i o n  of t h e  r e s o u r c e s  
must  b e  a n a l y z e d .  
Resource Allocation Model: A t  t h i s  l e v e l  o f  model develop-  
ment ,  t h e  problem of HCS r e s o u r c e  d i s t r i b u t i o n  w i l l  b e  ana lyzed  
a c c o r d i n g  t o  p o p u l a t i o n  c o m p o s i t i o n  and g e o g r a p h i c  and p e r h a p s  
o t h e r  p e c u l i a r i t i e s ,  t a k i n g  i n t o  a c c o u n t  d i f f e r e n t  o b j e c t i v e s  
of  h e a l t h  c a r e  management. 
A l l  t h e s e  submodels  a r e  n e c e s s a r y  as  components o f  t h e  
h e a l t h  c a r e  sys tem.  A s  t h e  f i r s t  s t e p  toward  b u i l d i n g  such  
models ,  we d e s c r i b e  t h e  m o d e l l i n g  o f  t h e  m o r b i d i t y  of  degenera-  
t i v e  d i s e a s e s .  
MORBIDITY MODEL OF DEGENERATIVE DlSEASES 
C l a s s i f i c a t i o n  of Diseases 
----- ---- 
There  a x e  v a r i o u s  k i n d s  o f  d i s e a s e s  whose o r i g i n s  have 
d i f f e r e n t  c h a r a c t - e r i s t i c s .  I n  t h e  m o r b i d i t y  a a d e l ,  d i . s e a s e s  
must  be c l a s s i f i e d  a c c o r d i n g  t o  t h e  n a t u r e  o f  t h e i r  c a u s e .  T h i s  
t y p e  o f  c l a s s i f i c a t i o n  may be d i f f e r e n t  f rom o r d i n a r y  c l a s s i f i -  
c a t i ~ n s  such  a s  t h e  I n t e r n a t i o n a l  CPass i f . i ca t io r1  of D i s e a s e s  
(ICD). These a r e  b a s e d  o n  t h e  p a t h o l o g y  o f  t h e  d i s e a s e s  and 
used f o r  d i . a g n o s % i c  p u r p o s e s ,  whil-e t h e  c l a s s i f  l c a t i o n  i n  t h i s  
stl.ldy i.s requyired f o r  h e a l t h  plan.ni.:.?.g. However , t h e  c o r r e l a t i o n  
between t h e  two sys t ems  must  b e  c l e a r l y  d e f i n e d .  W e  u s e d  t h e  
classi . . f icat i .onn of d i s e a s e s  p ropcsed  by o n e  o f  t h e  a u t h o r s  o f  
t h i s  s.t.~!.dy, w i t h  some m o d i f i c a t i o n s  [ 5 ]  . 
Degenerak i ve  d i s e a s e s  a r e  i n h e r e n t  t o  human b e i n g s ,  a s  t h e y  
a r e  due  t o  t h e  ayirlg p r o c e s s .  Ir! t h e s e  d i s e a s e s ,  t h e  m o r b i d i t y  
r a t e  usual1.y i n c r e a s e s  w i t h  a g e .  I n  t h i s  s tud ,v l  t h r e e  g r o u p s  
o f  d i s e a s e s  a r e  d e f i n e d  a s  d e g e n e r a t i v e :  
- C a r d i o v a s c u l a r  d i s e a s e s  (lC.14 A 8 0  -. A 8 8  j ; 
- M a l i g n a n t  neoplasms ( I C D  R4 5 ,-, A601 ; 
- S e n i l e  d e a t h s  and d e a t h s  from znknown c a u s e s  ( I C D  A 1 3 6  - 
A1 3 7 ) -  
W e  inc;luded s e n i l e  d e a t h s  and d e a t h s  from unknown c a u s e s  
b e c a u s e  i n  some c o u n t r i e s ,  e s p e c i a l l y  i n  d e v e l o p i n g  c o u n t r i e s ,  
d e a t h  i n  o l d  a g e  i s  c l a s s i f i e d  a s  a s e n i l e  d e a t h  when t h e  c a u s e  
i s  unknown. 
The second t y p e  of d i s e a s e  i s  i n f e c t i o u s  d i s e a s e .  They a r e  
o f  e x t e r n a l  o r i g i n ,  and  c a n  t h e r e f o r e  be  p r e v e n t e d  by removing 
t h e  c a u s e .  I t  i s  a l s o  p o s s i b l e  t o  r e c o v e r  c o m p l e t e l y  from such  
d i s e a s e s .  The m o r b i d i t y  and  r e c o v e r y  r a t e s  a re  g e n e r a l l y  i n f l u -  
enced  by t h e  l e v e l  o f  p r e v e n t i v e  and t h e r a p e u t i c  m e d i c i n e .  There  
a r e  two t y p e s  o f  i n f e c t i o u s  d i s e a s e s - - g a s t r o i n t e s t i n a l  and r e s p i -  
r a t o r y .  I n  t h e  model ,  t h e s e  two w i l l  be  t r e a t e d  s e p a r a t e l y .  
The t h i r d  t y p e  o f  d i s e a s e  i s  a l s o  o f  e x t e r n a l  o r i g i n ,  b u t  
t h e  c a u s e  i s  t h e  p r o g r e s s  o f  c i v i t i z a t i o n .  S i n c e  t e c h n o l o g y  
c a n n o t  be  compared t o  mic roorgan i sms ,  t h i s  t y p e  o f  d i s e s s e  must  
be  d i f f e r e n t i a t e d  from i n f e c t i o u s  d i s e a s e .  D i s e a s e s  d u e  t o  l a b o r  
a c c i d e n t s ,  t o  p o l l u t a n t s ,  t o  u r b a n i z a t i o n  a r e  examples .  These 
d i s e a s e s  w i l l  i n c r e a s e  w i t h  t h e  p r o g r e s s  o f  c i v i l i z a t i o n  u n l e s s  
Countermeasures  a r e  t a k e n .  
M a Z n u t r i t i o n  i s  t h e  c a u s e  o f  t h e  f o u r t h  t y p e  o f  d i s e a s e ,  
which i s  o f t e n  r e l a t e d  t o  i n f a n t  d e a t h s .  S i n c e  i n f a n t  m o r t a l i t y  
ref lec ts  d i f f e r e n t  f a c t o r s  o f  a d u l t  d i s e a s e s ,  t h i s  w i l l  b e  ana- 
l y z e d  i n  t h i s  c a t e g o r y  i n  t h e  s t u d y .  
According t o  t h e  c l a s s i f i c a t i o n  mentioned above,  f o u r  mor- 
b i d i t y  models t h a t  i n t e r a c t  w i t h  each o t h e r  w i l l  be  deve loped .  
However, i n  t h i s  r e p o r t ,  onl-y t h e  m o r b i d i t y  model o f  degenera-  
t i v e  d i s e a s e s  w i l l  he d i s c u s s e d .  Other  models w i l l  he d i s c u s s e d  
i n  a  s e p a r a t e  r e p o r t .  
i n  t h e  Deger lera t ive  D i s e a s e  Model 
-- -.- 
----a 
I n  t h e  m o r b i d i t y  model of  d e g e n e r a t i v e  d i s e a s e s ,  t.he fo l low-  
i n g  a s s m p t i o n s  w e y e  i n t r o d u c e d  abou t  t h e  n a t u r e  of  d e g e n e r a t i v e  
d i s e a s e s .  
- The m o r b i d i t y  s a t c ,  M K ( i )  , o f  the  d e g e n e r a t i v e  disease 
depends on1 y upon t h e  a g e  (i) .
- S i c k  p e o p l e  s u f f e r i n g  from d e g e n e r a t i v e  d i s e a s e s  never  
r e c o v e r ;  t h i s  means t h a ~ k  t h e  r e c o v e r y  r a t e ,  XECOV ( i ) ,  
of  degenerat. i .ve d i s e a s e s  i s  e q u a l  t o  z e r o .  
- P e r s o n s  w h o  1 ) t r ~ a m ~  i l l .  w i l l  d i e  a f t e r  a  c e r t a i n  d e f i n i t e  
t ime .  The m e a l  o f  t h e  t i m e ,  d e f i n e d  a s  d u r a t i o n  of ill- 
n e s s  (T), i a  dependent o n l y  on  t.he t y p e  of d i s e a s e .  
W e  have no defi.j-:ii.t.e p r o u f s  f o r  t h e s e  t h r e e  assumpt ions ;  
however, f o r  t h e  fol..loWinq r e a s o n s  w e  b e l i e v e  t h a t  t h e y  can  
safeZy be  made, 
The f i r s t  ass~ : )~f l . :p t i . r~n  i s  n a t u r a l l y  unders tood  from t h e  d e f i n i -  
t i o n  of d e g e n e x a t i v e  d i s e a s e .  But t h e  d i s e a s e s  c l a s s i f i e d  a s  
d e g e n e r a t i v e ,  namely c;:a-rdiovascular and m a l i g n a n t ,  have t o  be  
shown t o  have t h i s  c.:l~ar;;c.:"i-etis.t:ic. I t  i s  n o t  p o s s i b l e  t o  measure 
t h e  m o r b i d i t y  r a t e  di:r.ectLy i.n any d i s e a s e  a t  p r e s e n t .  S i n c e  t h e  
o n s e t  of t h e  i l l ~ e s s  i.s not: ~ I L O W I I ,  t h e  m o r b i d i t y  r a te  can  be 
e s t i m a t e d  o n l y  f r o m  k.he d e a t h  r a t e .  
F i g u r e s  2a and 2b s h ~ w  t h e  d e a t h  rates  from c a r d i o v a s c u l a r  
and m a l i g n a n t  d i s e a s e s  i n  v a r i o u s  c o u n t r i e s ,  o b t a i n e d  from t h e  
s t a t i s t i c s  of  t h e  World H e a l t h  Organ iza t io r l  [ 7 ] .  One o f  t h e  
c h a r a c t e r i s t i c s  t h e s e  f i g u r e s  show i s  t h a t ,  a l t h o u g h  t h e  t o t a l  
d e a t h  r a t e s  d i f f e r  w ~ c l e l y  by c o u n t r y ,  t h e  d e a t h  r a t e s  o f  each  
a g e  group c o i n c i d e  w e l l .  T h i s  i s  e s p e c i a l l y  t r u e  i n  developed 
c o u n t r i e s .  The f i g u r e s  f o r  age-dependent  d e a t h  rates  i n  develop- 
i n g  c o u n t r i e s  are somewhat Power t h a n  t h o s e  f o r  developed coun- 
t r i e s ;  b u t  i f  t h e  d e a t h s  from unknown c a u s e s  a r e  i n c l u d e d ,  t h e  
f i g u r e s  approach t h o s e  o f  developed c o u n t r i e s .  On t h e  b a s i s  o f  
t h i s  f a c t ,  and a l s o  i n  r e l a t i o n  t o  t h e  t h i r d  assumpt ion ,  we took 
t h e  m o r b i d i t y  ra te  t o  be depend en^ o n l y  o n  a g e .  The m o r b i d i t y  
r a t e s  used i n  t h i s  model a r e  p r e s e n t e d  i n  F i g u r e  3 .  The method 
o f  e s t i m a t i n g  t h e  rates  w l l l  be d i s c u s s e d  l a t e r .  
The second assumption was based  on medica l  c o n s i d e r a t i o n s .  
I t  i s  b e l i e v e d  t h a t  d e g e n e r a t i v e  d i s e a s e s  are p r o g r e s s i v e  d i s -  
e a s e s  from which t h e  p a t i e n t  never  r e c o v e r s .  Some t y p e s  o f  
m a l i g n a n t  d i s e a s e s  can  now be s u c c e s s f u l l y  t r e a t e d  by s u r g i c a l  
p rocedures .  However, i n  t h e  t o t a l  number of d e a t h s  from malig-  
n a n t  d i s e a s e ,  t h e s e  c a s e s  a r e  e x c e p t i o n a l  and i n  t h i s  s t u d y  w e r e  
t r e a t e d  a s  n e g l i g i b l e .  If i n  t h e  f u t u r e  d e g e n e r a t i v e  d i s e a s e s  
can  be s u c c e s s f u l l y  t r e a t e d ,  t h i s  assumpt ion  may b e  removed. 
S i n c e  t h e  o n s e t  of  i l l n e s s  i s  n o t  known, t h e  d u r a t i o n  o f  
s i c k n e s s  ( T )  a l s o  c a n n o t  be  measured d i r e c t l y .  However, t h e  
n a t u r e  of d e g e n e r a t i v e  d i s e a s e s  gave r ise t o  t h e  t h i r d  assump- 
t i o n .  I f  e f f e c t i v e  t r e a t m e n t  o f  t h e s e  d i s e a s e s  i s  i n t r o d u c e d ,  
t h e  d u r a t i o n  t i m e  ( T )  w i l l  a l s o  i n c r e a s e .  
The d u r a t i o n  t i m e s  used i n  t h e  c a l c u l a t i o n  a r e  2 y e a r s  f o r  
malignant d i . s e a s e s  and 1 5  y e a r s  f o r  c a r d i o v a s c u l a r  d i s e a s e s .  
The b a s i s  of  t h e  e s t i m a t e s  w i l l  be d i s c u s s e d  l a t e r .  
S t r u c t u r e  of t h e  D e s e n e r a t i v e  Disease  Model 
The s t r u c t u r e  of  t h e  m o r b i d i t y  model of  d e g e n e r a t i v e  d i s e a s e s  
i s  i l l u s t r a t e d  i n  F i g u r e  4 .  A s  is shown i n  t h e  d e f i n i t i o n  of  t h e  
m o r b i d i t y  model, t h e  p o p u l a t i o n  of each  age  g roup  i s  d i v i d e d  i n t o  
two groups:  h e a l t h y  p e r s o n s ,  H P ( i ) ,  and s i c k  p e r s o n s  T S ( i ) .  The 
s i c k  i n c l u d e  l a t e n t  p a t i e n t s .  The t r a n s f e r  r a t e  from t h e  h e a l t h y  
t o  t h e  s i c k  s t a g e  i s  d e f i n e d  a s  t h e  m o r b i d i t y  r a t e ,  M R ( i ) ,  and 
t h a t  from t.he s i c k  s t a g e  t o  d e a t h  a s  t h e  d e a t h  r a t e ,  D R ( i ) .  The 
d e a t h  r a t e  p e r  t o t a l  p o p u l a t i o n  i n  t h e  a g e  group i s  r e f e r r e d  t o  
a s  DRPN(i). The r e c o v e r y  r a t e ,  RECOV(i), i s  0  a c c o r d i n g  t o  t h e  
assumpt ion ,  and t h e  m o r b i d i t y  r a t e s  a r e  g i v e n  i n  each  a g e  group.  
We a l s o  assumed t h a t  t h e  p e r s o n s  who become ill w i l l  d i e  a f t e r  a  
c e r t a i n  t ime.  With t h i s  s t r u c t u r e ,  t h e  o n l y  i n p u t  r e q u i r e d  f o r  
t h e  model i s  t h e  number o f  p o p u l a t i o n  i n  each a g e  group;  i f  t h a t  
i s  g i v e n ,  a l l  o t h e r  v a r i a b l e s  can  be  c a l c u l a t e d  from e q u a t i o n s  
( 1 )  t o  ( 3 )  : 
HP (i) = P N ( i )  - TS (i) , ( 2 )  
I n  t h e  f i r s t  s e v e r a l  a g e  g roups ,  s i n c e  t h e  m o r b i d i t y  r a t e  
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Figure 3. Morbidity rate specified for age and sex. 
PN (i) - 
1 DRPN (i ) 
F i g u r e  4 .  S t r u c t u r e  o f  t h e  d e g e n e r a t i v e  d i s e a s e  model. 
A c c o r d i n g l y ,  e q u a t i o n s  ( 1 )  t o  ( 3 )  c a n  b e  c a l c u l a t e d  s u c c e s s i v e l y  
f rom t h e  younger  tc t h e  o l d e r  a g e  g r o u p s  o n l y  if t h e  popu l . a t ion  
s t r u c t u r e s  a r e  g i v e n .  
I n  t h e s e  e q u a t i o n s ,  it was assumed t h a t  t h e  p o p u l a t i o n  
s t r u c t u r e  i s  s t a b l e  f o r  t h e  d u r a t i o n  of  s i c k n e s s  ( T ) ,  and  t h a t  
t h e  d u r a t i o n  o f  t h e  s t c k n e s s  is t h e  same f o r  e a c h  p e r s o n .  These  
a s s u m p t i o n s  a r e  n o t  necessa3:y i f  mare s o p h i s t i c a t e d  c a l c u l a t i o n s  
are  used  ( c f .  [ G I ) .  
E s t i m a t i o n  of M o r b i d i t e a t @  and D u r a t i o n  of S i c k n e s s  
- "-------- - - --- p- ---- --- -.- - 
So far, we h a v e  asslmed t h a t  t h e  m o r b i d i t y  r a t e s  and  d u r a -  
t i o n  o f  s i c k n e s s  a r e  g i v e n .  I n  t h i s  s e c t i o n ,  t h e  method w e  u s e d  
tc est imate t h e  S i y u z e s  i s  d i  scur;sed. 
I f  d z a  th r z  tes p e r  popu l -a t ion  DRPN (i) a r e  g i v e n ,  t h e  mor- 
b i d i t y  r a t e s  c a n  b e  o b t a i n e d  from e q u a t i o n  ( 5 )  by p r o c e d u r e s  
s i m i l a r  t o  those  d e s c r i b e d  .in t h e  p r e v i o u s  s e c t i o n :  
Here it .is n.ecessal-:T t o  assl!me t h a t  t h e  p o p u l a t i o n  s t r u c t u r e  i s  
s t a b l e  f o r  t h e  d u r a t i o r l  of t h e  s i c k n e s s .  I n  d e v e l o p e d  c o u n t r i e s ,  
f a i r l y  r e l i a b l e  s t a t i s t i c s  or' d e a t h  r a t e s ,  DRPN(i) ,  c a n  be  
o b t a i n e d .  Accord inyl .y ,  if t h e  d u r a t i o n  o f  s i c k n e s s  ( T )  i s  de- 
t e r m i n e d ,  e h e s e  rnorbi::i-ty rates c a n  be c a l c u l a t e d .  
I n  t h i s  s t u d y ,  t h e  d u r a t i o n  o f  s i c k n e s s  w a s  d e t e r m i n e d  as 
f o l l o w s .  W e  f i r s t  cr-rnsideletl  t h e  nurnber o f  s i c k  p e r s o n s ,  T S ( i ) ,  
c a l c u l a t e d  i f  a c e r t a i n  dux"?7tion o f  s i c k n e s s  i s  g i v e n .  It  i s  
d i f f i c u l t  to  know t h e  r e a l  nurnber of  s i c k  p e r s o n s ,  b e c a u s e  it 
m u s t  i n c l u d e  t h e  l a t e n t  p a t i e n t s .  However, f rom t h e  d a t a  o f  some 
h e a l t h  s c r e e n i n g s ,  w e  assumed a  number o f  s i c k  p e r s o n s  1 . 5  t o  2 
t i m e s  t h e  number o f  r e p o r t e d  cases i n  d e v e l o p e d  c o u n t r i e s .  I n  
some c o u n t r i e s ,  t h e  number o f  c a s e s  o f  d e g e n e r a t i v e  d i s e a s e s  i n  
e a c h  a g e  g r o u p  are r e p o r t e d ;  t h e s e  w e r e  compared w i t h  t h e  r e s u l t s  
o f  c a l c u l a t i o n s  t o  e s t i m a t e  t h e  d u r a t i o n  o f  s i c k n e s s .  W e  a l s o  
c o n s i d e r e d  t h e  e x p e r i e n c e  i n  c l i n i c a l  m e d i c i n e ,  where 2 y e a r s  
f o r  m a l i g n a n t  d i s e a s e s  and 1 5  y e a r s  f o r  c a r d i o v a s c u l a r  d i s e a s e s  
are t a k e n  a s  r e a s c n a b l e .  
The m o r b i d i t y  r a t e s  and d u r a t i o n  o f  s i c k n e s s  u s e d  i n  t h i s  
model are b a s e d  m a i n l y  o n  t h e  d a t a  o f  A u s t r i a .  W e  c h o s e  A u s t r i a  
b e c a u s e  t h e  p o p u l a t i o n  s t r u c t u r e  i s  s t a b l e  and  t h e  number o f  
s e n i l e  d e a t h s  o r  d e a t h s  o f  unknown c a u s e s  i s  v e r y  s m a l l .  Thus 
t h e  s t a t i s t i c s  w e r e  c o n s i d e r e d  r e l i a b l e .  
R e s u l t s  of (lal.c!~J.ai-.i ~~:-is 
., . . - -. - . . . 
To -tes<: t?lr-. ~r-?l i .d. i<: \ /  ..sf \^ .j-!< < ; ! ~ : ~ j e ? ;  a ~ p : i  j.scf. it t o  v a r i o u s  
. . . . .. 
c o . c m t r i e s ,  ~x::ing t h e  d;i-La, ,s-.: - .:...:. ..:;~1-:.!. ~ . ' - . . p i ~ ! t ~ . " s ,  !/IZ.Y~C.C), ;Tapan, 
England  and Swede!-I, I t ! . : ; ,  a , )r,j>::!l a t i o r i  s t r g c t u r e  
. " .  
,. - 
o f  five--\i.cinr i n t e r v a ' l s  WL?S 1 ~ s i l i 3  7.:: - iT!: i i . :?.? d3.t2.a,  I i : .  was t h e n  
f u r t h e r  dibsj.ded i r l t o  one-yaar. ir~t-s.,:'i;'r!l.s, e : , d  t l - 3 ~ ;  varialr,l?es for 
. . outputs we-e ; = . ~ , c ~ 1 2 ~ ~ ~ 2  ~;e-~ ~;. . : --~i . . .L r- .'." ;,- f :;r ,-irzil.~\iasl:], 3,: ai-](2 malig- .  
nant d:i.:;pa:-;es ' y r , ~  :. - E<::,I]~ .dl. ... <-:; ,,.-. .:.-- i : j 2 ~  t i g \ j  d15~2a-; ; :s,  1..72~-? then cam- 
bii-\et:j !:.(a ~ b - t ~ r . i r i  sr\ zs%imsi:.;..(:-! i-f ; ; L : ~ v ~ : ~ e ~ ! c ; ~  fr:::r. i:.!.;~ d . 2 y e n e r a t i v e  
, . diSeiSefi. ]yhe c ~ e a t l - k  -,,c,i;,ss .j;.j,,,j,:; ~ , c , ! ~ ~ ~ , ; ! ~ 5 ~ j  >\y5:.Le, z~..~,.-:- il!t:~~recl w i t h  t h e  
f' j~c j  A ... C . r  +,,-, . ,- . I . ; t i  i = * /  , di.-j .-. :J ;. 2 Sa gri:ve;.; t. cr>rnparison 
o:f t r  ~7 t - ' 1  <a c!e;;-t!r - i - :3C~.:3 i.n t i i c ?  r;oi!n:c:s-:;.e-; te!l;t.ed, and $':i.gc;:e 5b 
;,-; <:,:*(.i-. ::.,-c.> h . : : t : ; 5 . . 1 .  W e  tl~i.:i!*:.. that. t h e  a g r e e -  
ment .i,l-, 3 X ~ : . - : . ~ : : , ; J ~ . : . . ; ~ ~ I C  ...  -. ,-.<.. I"2.1?.t-fL+m 
Sonic o g  .-.he , ~ ~ F . : ~ ~  - 3  T ~ ; : ~ , : , : ~ !  5 : ~  L;l 3 ~ ~ 1 , c ; ' ~ ~ j p  565 t- ~ r n ~ i - r l a l  x e  
shown i .r1 F:i.ynres ii .;-c 1 3  . :i''k.=tee ;:.g1>.17;trj 2s p,rich c h a r a c t e r i s t i c  
. . populat_ion s - t . ~ : ~ ! . ~ : i i - t ~ ~ ,  , : . i . : . ~ ~  , .. L-;-.;,::~i- .- 5 . 5  e::.:~l:fir.'.lc~~ !:P { ~ . ; ~ E . C S  6 - 8). 
T h e  j.+r:i7ci :?.k.>i:3:i. j!-jc, \;::!is s?.:.'j,d-.i. j . 6  t3:Iz yf;.~;i:bj.d.ity model of 
t h e  d e c ~ c n . s ; c a . .  . - A  . C ? ; t : ; : ~ . ~ : , ~ q ~ ?  i-t. CT)V~IY c~gby  a s m a l l  
. p a r t  of  .bllt: 5 ; ~ ~ : ; . : i t ; r c , ~ ,  : ; ~ L L ! , -  ~ - ~ : L . ; - c 2 ~ ~ ; : : - ; , ~ . ~ . i . ~ g  ~ . ~ ~ : : ; v : : : ~ i : . ~ ,  c.ilr1 ~ ~ i . ~ e ~ d y  be 
o b t a i n e d  : 
. . T!le f j.!:st- appl. i c.3 t i  are2 . . V ~ L  1 be a n  i 1 1  t e r n a t i o n a l  o r  re- 
gional. ccynpar:jLs-fi of :Ibe ~ , , ; ~ ; ~ - ' ; . ,  ~ a . ' - - r .  . E.77-.  ,., rj-,r, ., nunhe r  of p a t i 3 n . t ~  
. . w i t k ! ,  d e g e n ~ + . t - n t ~ . . c ,  iiseases .;.n ~:-Sd;+:l(~~r, .i*o tl!e deat:ll r a t e s  
. - 
es t imci ted  t!-:i;: moilc::. aLstl? i j l d , r - : s  tC-.i:? zo.ia.i fii-lfikijj: s f  sick p e r s o n s  
w i t h  decj.enerat.j.ue d i s e a s c ? ~  ,. 1;: s-t.at.is-tics f o r  p a t i e n t s  w i t h  
. - dege::era.Lj. ve  disease:^ z r c  a v a : ~ ~ . a t l - e ,  L?: i s  of i n t e r e s t  t o  compare 
them w i t h  the k-esul-i-.s oStaj .ne,?~ fmrn t h e  n~odel . .  A d i f f e r e n c e  be- 
tween t h e  t w o  fi72u:r:es i.,7:icc!r !.d .~.;aply t h e  p r e s e n c e  of l a  t e n t  p a t i e n t s  
who have t h e  possibiL;',.ty of s;eeP\irig medica l  c a r e .  A n a l y s i s  o f  
t h e  f a c t o r s  c a u s i n g  this di - f fc rence  w i l l  be i m p o r t a n t ;  and  t h i s  
w i l l .  b2 t h e  subject of t h e  next s t u d y ,  na.me'Ly, t h e  r e s o u r c e  
u t i l i z a t i o n  model. 
The second appl  i.t:a:~li.isp~~. f t h e  :;ii:);'i;. i i s  t h e  p r o ]  ec t i o n  t o  
t h e  f u t u r e  of t r e n d s  i n  t h e  deyer ! .e ra t ive  d i s e a s e s .  V a r i o u s  meth- 
o d s  have  been  d e ~ f ~ I . o i ~ ~ : ? d  t o  c?sc:rl.irat? t h e  f u ? . u r e  pcp:~ ' l . a t . ion  s t r u c -  
t u r e  ( p o p u l a t i o n  1nocie.i) . 1 Z the p ~ p ' i l  ation aric! m o r b i d i t y  models  
a r e  comhi.ned, the f ut-i!re. t . r e d s  i .n degei ;er-a t ive d i s e a s e s  a r e  
e a s i l y  c a l c u l a t e d ,  s i n c e  the m o r b i d i t y  n o d e l  i s  d e p e n d e n t  o n l y  
o n  t h e  a g e  s t r u c t u r e  of t he  p o p u l a t i . o n .  
F i g u r e s  ? q a - c  and 15a- c: are  ..-- , , ?~np le s  o f  t h e  c a l c u l a t i o n s .  
Here t h e  computer  2royra.lns descr ibed  b:,r Keyfitz e t  a l ,  [ 3 ]  a r e  





433  ( 1 9 7 1 )  
Japan 0 .0057  ( 1 9 7 0 )  
England 0.00848 ( 1 9 7 1 )  
& Wales 0.00822 ( 1 9 6 8 )  
0 7 8 1  ( 1 9 7 1 )  
Sweden 0.00869 ( 1 9 7 1 )  
0 .00910 (1971)  
Austria 0 0 8 5 7  ( 1 9 7 1 )  
Figure 5a. Comparison of death rates, DRPN(total), from 
WHO statistics and from computations. 
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- 
0:16 
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ENGLAND & 
WALES 1 9 7 0  
F i g u r e  5b. Comparison o f  WHO s t a t i s t i c s  and r e s u l t s  of 
computat . ions  . 
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Figure 6a. Number-of sick, prevalence and death rates of 
degenerative diseases (Philippines, 1968) : 
result of Calculation 1. 
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Figure 6b. Number of sick, prevalence and death rates of 
degenerative diseases (Philippines, 1968): 
result of Calculation 1. 
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Figure 6c. Number of sick, prevalence and death rates of 
degenerative diseases (Philippines, 1968): 
result of Calculation 1. 
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Figure 7a. Number of sick, prevalence and death rates of 
degenerative diseases (England and Wales, 1968): 
result of Calculation 2. 
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Figure 7b. Number of sick, prevalence and death rates of 
degenerative diseases (England and Wales, 1968): 
result of Calculation 2. 
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Figure 7c. Number of sick, prevalence and death rates of 
degenerative diseases (England and Wales, 1968): 
result of Calculation 2. 
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F i g u r e  8a.  Number o f  s i c k ,  p r e v a l e n c e  and d e a t h  r a t e s  o f  
d e g e n e r a t i v e  d i s e a s e s  ( Japan ,  1 9 6 0 ) :  r e s u l t  
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Figure 8b. Number of s i c k ,  prevalence and death r a t e s  of 
degenerat ive  d i s e a s e s  (Japan, 1 9 6 0 ) :  r e s u l t  
of Calculat ion  3 .  
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Figure 8c. Number of sick, prevalence and death rates of 
degenerative diseases (Japan, 1960): result 
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Figure 9. Total degenerative diseases: Austria, 1971. 
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Figure 10. Total degenerative d iseases:  Ghana, 1960. 
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Figure 1 1 .  Total degenerative diseases: India, 1971. 
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Figure 12. Total degenerative diseases: Mexico, 1970. 
ND OF PERSONS 
X 10000 T 
PREVALENCE 




O * O O B 6 7  
10 20 30 40 50 60 70 80 
A G E  
Figure 13. Total degenerative diseases: Sweden, 1971. 
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Figure  14a. Es t ima t ion  of f u t u r e  t r e n d  i n  t o t a l  degene ra t ive  
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F i g u r e  1 4 b .  Es t ima t ion  of  f u t u r e  t r e n d  i n  t o t a l  d e g e n e r a t i v e  
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Figure 14c. Estimation of future trend in total degenerative 
diseases: England and Wales. 
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Figure  15b. Es t ima t ion  of  f u t u r e  t r e n d  i n  degene ra t ive  
d i s e a s e s :  Japan.  
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Figure 15c. Estimation of future trend in degenerative 
diseases: Japan. 
The ag ing  i n d e x  used i n  t h e  f i g u r e  i s  d e f i n e d  a s  f o l l o w s :  
a g i n g  index  = number o f  p e o p l e  o l d e r  t h a n  65 y e a r s  
number o f  p e o p l e  younger t h a n  15 y e a r s  ( 6 )  
For t h e s e  examples,  two r e p r e s e n t a t i v e  c o u n t r i e s  w e r e  t a k e n .  A s  
i s  e a s i l y  s e e n  i n  t h e  f i g u r e s ,  t h e  p r e v a l e n c e  of  d e g e n e r a t i v e  
d i s e a s e s  i n  England d e c r e a s e s  g r a d u a l l y ,  w h i l e  t h a t  o f  Japan 
s h a r p l y  i n c r e a s e s  toward t h e  y e a r  2 0 0 0 .  
The t h i r d  a p p l i c a t i o n  of t h e  model may be t h e  e v a l u a t i o n  o f  
t r e a t m e n t s  f o r  d e g e n e r a t i v e  d i s e a s e s .  A t  p r e s e n t ,  t h e r e  i s  no 
e f f e c t i v e  t r e a t m e n t  t h a t  p r o l o n g s  t h e  l i f e  of  t h e s e  p a t i e n t s .  
However, i f  such t r e a t m e n t s  a r e  developed,  t h e  model w i l l  be 
u s e f u l  f o r  a s s e s s i n g  t h e  d e c r e a s e  o f  d e a t h  r a t e  o r  t h e  i n c r e a s e  
o f  t h e  number of  p a t i e n t s  b e f o r e  t h e  t r e a t m e n t s  a r e  a c t u a l l y  
i n t r o d u c e d .  
Conclus ion  
Using t h e  d a t a  o f  t h e  World H e a l t h  O r g a n i z a t i o n ,  t h e  mor- 
b i d i t y  model o f  d e g e n e r a t i v e  d i s e a s e s ,  developed a t  t h e  n a t i o n a l  
l e v e l  a s  t h e  f i r s t  s t e p  of t h e  h e a l t h  c a r e  model, showed i t s  
v a l i d i t y .  The model was used f o r  i n t e r n a t i o n a l  comparison and 
f o r  p r e d i c t i o n  a t  t h e  n a t i o n a l  l e v e l  o f  f u t u r e  t r e n d s  i n  degen- 
e r a t i v e  d i s e a s e s .  These  r e s u l t s  show t h a t  t h i s  t y p e  of  approach 
i s  f e a s i b l e  i n  h e a l t h  p l a n n i n g .  
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Appendix A 
The following notation is used in this study. The names of 
the variables are kept the same in text and computer programs. 
I - number of sex-age group. 
PN (i) - population, or number of persons. 
HP (i) - healthy or non-sick persons. 
TS (i) - total sick persons. 
LS (i) - latent or non-registered sick in total sick. 
RS (i) - registered sick in total sick. 
lrAS(i) - unaware sick in latent sick. 
AS (i) - aware sick in latent sick. 
MR (i) - morbidity rate, or number of persons who transfer 
from HP to TS per unit of time. 
DR (i) - death rate, or mortality rate from TS. 
AR (i) - awareness rate. 
RECOV (i) - recovery rate. 
RPR(i) - patient registration rate. 
DRPN(i) - death rate per population. 
T - duration of sickness. 
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o ~ r n t b S I n 1 ~ 1  H P ( ~ P ) , T S ( ~ ~ ) ,  b M ~ t ~ ~ ' ] , o k ( q @ ] , P h l ( 9 ~ . ) , P P ( 9 0 , 2 ~ ,  
1 1AGf  ( $ 5 " )  , F  S (9fA) , P U E V ( 9 f l )  , l iUPI1((90]  @ F n ( 9 t 4 )  , T S l ( 9 @ 1  
? , ~ ~ ? ( 9 r n ) , ~ s ? ( s r l  , F 5 ? ( 9 v J I F ~ c ' ( 9 @ ) , ? I T L t : ~ 2 t 4 )  
I r d n F X a l  
R t A l ) ( 5 , 2 ' ? )  1 1  t l k l  
2 7  F U R Y 4 7  ( ? @ P O )  
I 1  F o W r A T  f l H l , ~ P 4 4 , 1 2 H 8 G I N ~ ~  I N l l t x n , F b , 2 )  
C 
C SOHUDUTINC F ~ P S L I P  R€AI )S P U r 0 L b ~ l n N  I N  9 AGE-GROUP AND 
C D I V I D E  THEW T ~ J T [ I  I Y E A H  A t i t - G G n r j P  
CALL PrJPSliP ( P N )  
O[) 3% 1 ~ 1 # 9 f i  
P P ( I ,  ll:PN(Ij 
3 3  e o l u r  I k1.1~ 
CALL  PrlPSI.IP I P Q I  Q u  3 u  Y=1,9:4 
P P [ 9 , z ) n P b l f i ' J  
3u cnur INI!E 
t A O D ~ T I O N  r lF  HALE A h [ :  FEMALE P U P U L P T I O N  
DO 26 leS,90 
T A G F  ( I l n 1 - 1  
P N i I ) . P P l l #  l)+YP[I,2) 
I F  f P h l ( l ) , t . Q , F l , )  P I ~ l I l . l e  
26 CON1 I KlUf 
C CbLCULb! !ON O F  A G I L G  I N D E X  
YOLJhG.@, 
T)U 1 4  t = 1 , s l ,  
Y O L ~ V G ~ Y O ~ I ~ ~ G + P ~  [ 1 l 
1 4  COt:TYkll€ 
OLnSB,  
DO 1 5  Tsh6 ,9 /1  
O ~ n = O L r l + P h  ( I  1 
15 CONY INLIE 
OLOCOSOI n / f [ l U N G * l  @c), 
202 C n N r l h u r  
C  CALCUL 4 1  I O N  OF V A H T A I i L k S  OF P k G t N t R A T  I V E  n I S E A S E S  
C CADIOVASCIJLAQ D l S k A S t ' S  M Y  S ~ ~ H k n U T l h l k  SLlRCVn 
c M A L I C N A Y 7  OISE.ASF S hV SIIHTOUT [ k t  SURCAN 
DD 32 l s \ , F I ?  
H P ( I ) = P h ( I )  
T S ( I ) m A .  
D n ( i l m ,  
DKPh  ( 1  ) =@,  
32 cohtr I Q I I ~  
GU TO ( ? 9 V 1 2 f l l , ? ' 7 9 ~  1 2 ) ~  1r, ' lJF x 
?Pfl CALL JUHCb'R ( P h ,  AW*,HP, T S , L ' I V ~ I ~ ~ P ~ , F S , F I ~ )  
[: VAQIA'HLCS F p R  C A E ) I ) I O V A S C l I ~  A k  O I S F A S L S  ARE. WETAINEO F O R  THC 
t C A L c U L A l I C l N  0 F  TOTAL ~ t l i F ~ F n t l ~ T 1 v E  O ISEASLS ,  
DO 5 6 P  J 8 1 , q b l  
H P ? I I ) ~ H P ( I J  
T S 2 I T ) . T S ( I l  
F S 2 r I ) : F S I l )  
F D ? ( I ) = F n ( l )  
SeM COUT I ~ l l t  
u l W I T F - ( 6 , l l )  T I T L F , ' ~ L ~ I C [ I  
W k f T t  ( h , U @ U )  
4P0 FORfiAT ( I M P ,  'C4YDl r IVbSCULAM D I S F A S C S * )  
G O  1 0  ?V4 
ZPII CALL SIIRCAt; (Phi AMW,HP, 1 S , D P l n ~ P h , k S , F n )  
WRITE ( b , l l  l TITLE,OLI ICO 
Y R I T E ( b , O P I  
4 0 1  F f l W N A T ( l H n , * P ~ l I G N A N T  O I S ~ A ~ E S . )  
on 5P? 1.1,qa 
T S l  [ I ) ' T S ( I l  
582 CDNTIKUE 
t n  T O  2vu 
289 C U M  r I IJUE 
C C b L C l I L b T I O N  OF TOTAL 1 )Eb tNEkAT JVE O I S t b S k S  
00 5 @ 1  I 8 l , 9 M  
t S ~ I l . T s ~ ( I 1 + T S Z ( l )  
I F f T S [ I ) , G E , P N ( J l )  T S ( I I m P N ( 1 )  
~ P f I ) ~ P ~ ( I ) - T S ( I I  
F S f l l r F S f l I + F S 2 ( I l  
F D ~ I ) ~ F I I ( I ~ + F L ~ ~ ( I ~  
I F f T S ( I )  . € O , @ , P )  60  T(J h P @  
D R f l ) r F O ( I I / T S ( I I  
G O  TO b P t  
hB@ D R ( 1 ) 8 9 ,  
b B 1  CONTIlrt lJt 
D R P N ( I l 8 F n ( I l / P N ( I l  
A k R ( T ) . F S ( I )  / P N ( J )  
501 CnNT lNUF 
W W I T E f h , ! l )  T lTLE ,OLDCO 
Y R I T E [ b , U @ ? )  
402 F O R M ~ T ~ ~ H @ , * T D T A L  - CnRUIOvASCULAR t M A C I t h P N C Y ' )  
204 CONTINIIE 
00 ? R  1.1,99 
IF~HP(II,FQ,P,P) cn T P  us 
P R E V ( I 9 m T S ( I ) / P t ~ ( ~ l  
GO To 28 
95 P R F V ( I ) = " ,  





0 0  8 I m 1 , 9 @  
T P M ~ T P N + P ~ I  (  3 
T P m T D + T S ( I 3  r D F ( I  l 
THP.lHP+HP ( I  I 
T T 3 ~ T l d + T b ( l )  
8 C O N l I N l l E  
TURPhmTn/TPN 
TPRFvmTTS/TPN 
T A M c = 7 T S / I P %  
I) ( t rs ,hn,m, )  [XI T O  qk'rv) 
TDR.Tt~/T TS 
L O  t n  3 a 1  
39U T0R.999, 
mi C D ~ T  I~IIU~: 
W R I T k ( 6 , I P ~ )  
lcr13 FDRMAT f / / l r c  , A G €  vtJP1lLh 1 JOhl HEPLTHY TOTAL S I C  
I K  P R E V A L F ~ C E  Y~~WHII ) I IY  O E A T H  R A T ~ S  / 
,? in  , 9 x , u ~ ( ~ ~ ) , l i x , o r ( h P ~ , I x ~ ~ n f T 5 ~ ~ R x , 7 ~ ~ ~ S ~ ~ ~ ~ ~ u X ~ a H ( B U ]  I 8X # 
3 U H ( F P )  , U Y  , b H  ( R k P N )  11 
nu 29 1 = 1 , 9 ~  
WRTTEfb ,  l c j R )  IAGF(II ~ P ~ ( ~ ) , ~ P ( I ) ~ T S ( Y I ~ P R E V ( I ~ I ~ M H ( I I I O ~ ( I I  
l n r J R P N ( 1 )  
I R O  F O R M A T ( 1 n  , l ~ , I X , 5 ( ~ 1 2 a ~ , l ~ ) , 3 X ~ F 5 . ~ , 3 X , F l ~ . U ~  
2 9  cnhrTTt..Iw 
W R I T E ( h , ~ ~ ~ l ) T P V , T ~ P , T T S I T P R k V t T A ~ ~ H ~ T D R I T ~ R P N  
1 6 1  F O W M A l ( / h H  T ~ T b L , 3 ( F I ? ~ @ ~ l ~ l 1 5 ~ F 5 ~ 2 ~ 3 X ~ F l R ~ b , ~ k l ~ . 4 1  
! A  F O R h A T ( b F l R , V )  
1 1 1 1  I F ( I N [ ) F X , t n , 3 1  G O  TO 1 1 1 2  
GO TO I 1 1 3  
C 
t OUTPUT F P k  GRAPHIC P L O T T t R  
1 t 1 2  W R I T C ( 7 , 1 3 )  T I T L E  
1 3  FORMAT l?C4AU)  
w k I T F ( 7 , l l l )  I 'b 
W R I T E ( 7 , l l l ) T S  
~ I T E  ( 7 , 1 1 ? )  P R E V  
W R I T E ( 7 , 1 1 2 )  T C P P N ~ T P R E V  
1 1 2  FORMAT ( R F  l b , 6 l  
1 1  1 FORHAT ( 8 F  IP,!?) 
1 1 1 3  C O N T I b U E  
I h D E x . l h n E x + l  






SLIBRO~ITINE S U ~ C V D ( P N , A ~ ~ # H P # T S ~ D R # D R P N ~ F S , F ~ )  
O I M E N S I O N  HP ( 9 B )  ,TS ( 9 Q I  # O Y ( V B )  , P N ( 9 @ 1  t F O ( 9 R ]  # F S ( 9 0 )  1 
1  D R P N [ ~ O ) , ~ M R ( ~ @ ) , A ~ ( ~ @ )  
C D A T A  S T A T t W k h l t  ~ ~ N T A I N S  THE k O R H I b 1 T V  RATES F O R  C V o  
DATA A Y / 2 3 * P ~ ~ ~ R m ~ ~ ~ 1 I 1 P ~ M P I d 2 ~ 1 ~ ~ V I P C 1 3 P I ~ ~ ~ 0 @ @ 4 3 ~ ~ ~ ~ ~ ~ 5 ~ 1 ~ ~ 0 ~ @ b 4 1  
i n ~ ~ ~ ~ 8 ~ ~ ~ ~ m ~ 1 @ a , ~ , ~ 8 i ? , ~ ; ~ 0 ~ 1 5 ~ ~ ~ p l ~ 1 7 ~ e ~ 0 ~ 2 0 ~ ~ ~ 0 0 Z 3 , w ~ ~ ~ 2 7 ,  
2Oa@@3,@,Pn35#~.V@4~@*a(b~4#fl.Pd5~0~B~S7~9*P~b3~@e007t0o0@77~ 
3 ~ . P @ 8 5 , ~ . V @ 9 ~ , ~ , ~ 1 ~ 5 ~ V ] m d 5 1 5 ~ Q I ~ ~ 1 2 P 1 8 ~ ~ 1 3 1 P ~ @ 1 3 S ~ f l m ~ 1 ~ ~ ~ 0 ~ 0 1 ~ ~  
4 @ . R l 7 l p , O l 8 5 r @ , B 2 , A m A Z 1 5 ~ ~ , ~ 2 ~ , ~ a P ? ~ 5 I R . f l 2 b ~ @ m ~ 2 7 5 ~ 0 ~ ~ ~ 9 ~  
~ P . B ~ ~ , P , ~ ~ ~ , P , V ~ ~ , ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ P ~ ~ P ~ ~ Q ~ ~ ~ ~ , ~ ~ S ~ ~ ~ ~ ~ ~ S ,  
b @ m P 5 # P m V 5 3 # 1 5 * P , d S b /  
DO 1 1.1,90 
A H R ( I ) = A X ( l )  
1  C O I U T I ~ ~ ~ I E  
00 3 6  I a 1 b 1 Y P  
1 3 ~ 1 - 1 5  
I i = I - 1  
TS(I1.R. 
00 31 5.13111 
T S ( l ) ~ T S ( l ) + ~ P ( J ) * A ~ R ( J )  
3 1  C O N T I N I ~ ~  
I F f T S [ l ) , t i E . r ~ ( 1 ) 1  T 5 ( 1 ) . P k ( I )  
H Y ( I l o P k ( 1 ) - T S ( 1 )  
I F f T S I I ) , t O . P , )  G i l  T o  99 
OklIl8HP(I3)*AMRfI51/1S(I) 
Gn T O  9 8  
9 9  ON~I )D@. 
98  CONTIb l l lE  
I F  f P h ( I ) . F Q , P , 2 I  GO T n  97 
n Q P ~ f l ) . ~ l ~ f I  3 ) ~ b ~ R ( 1 3 ) / F J l d ~ ~ )  
60 TO 9b 
97 O k P t ~ [ I l r ~ ,  
9 6  CONT IPVIJC 
38 CON7 TLIJF 
DO I M P  1.1,qP 
F S [ l ) . ~ P t I ) + ~ ~ R ( I I  
F D ( r ) = T s ( r ) * n p ( i )  
I O R  C O N T  1NIJF 




SCIARL' I ITIN~. S t i bCAN (PN, AhR,nP, Tb ,  O R ,  ORPN, F:S,FD) 
D I M E N S ~ P N  H P ( 9 P ) , l S ( 9 k ' )  , i )k (Y01 , P ' 4 ( 9 ~ ) ,  
1  U R P ~ ( 9 k 3 1  ,FY f 9 P )  , F O ( Q @ )  , A M R ( ~ L ' )  AX(^@) 
C DATA STATEMtNT  C O h l A I b S  T H C  h O R b I D I T Y  RATES FOR H A L I G N A h C Y  
DATP A X / ? ? * P ~ , 2 ~ a ~ ~ d e ~ b ~ e , R ( d e ~ l B P 1 ~ , 1 ? ~ . , l U ~ s , l ~ @ ~ , l 8 ~ e ~  
l~BCs,?38e,27Re,31de,358~,397e,U58e~5l8~,578e,h38.,b9Ae, 
? 7 9 7 ~ ~ 8 9 7 ~ , 9 9 7 ~ ~ l P 5 7 e ~ 1 I 9 7 a ~ ~ 3 ~ P ~ ~ 1 S B 9 ~ ~ 1 b b 8 ~ ~ 1 8 2 ~ ~ ~ 1 9 8 8 ~ ~  
5 2 ? ? 7 e , ? ~ 6 b m , ? 7 @ 7 e , 2 9 ~ 7 . , 3 1 R ~ . , 3 5 U 9 a , 3 9 1 @ e , ~ 2 7 3 s , Q h 3 7 a ,  
~ S @ @ 1 m ~ ~ ~ P ~ ~ , ~ R 1 ~ a , ~ ~ ? M ~ ~ 6 b ? ~ a , 7 ~ S ~ s ~ ~ 8 8 6 a ~ 8 ~ b ~ e ~  
5 ~ 7 1 5 ~ , 9 ~ b 7 ~ , 9 1 2 f l a , 9 h 5 5 e , l ~ 1 1 h a , l ~ U 5 ~ a ~ 1 ~ 5 9 9 s ~ 1 3 l 2 2 q ~ 1 3 7 8 7 ~ ~  
b ~ ~ U l ~ . ~ l U ~ R S a ~ l ~ ~ ~ h , , 1 7 7 9 ~ . ~ l ~ l b 5 a ~ I f l S 3 U . ~ l 8 9 l 3 ~ ~ l 7 6 l U s ~  
? 1 9 8 h 8 , , l 9 9 R S * , 2 P f l V n e /  
00 55 r a r , s e  
A * R ( I ) m b x ( r ) / l n o k ' f l ~ a .  
55 CONTINLJE 
00 3n I.S,9@ 
13.1-4 
I l r l - 1  
TS(I) .R,  
no 3 1  J s 1 3 , I l  
TSfl)=fS(I)+kP(J)+AMk(J) 
31 CONTINUE 
I F ( T S ( ~ ) , S C , P N ( T ) )  T S ( I ) . P N ( I I  
H P ( I ) m P h ( I ) - T S f 1 )  
I F ( T S ( J ) . t Q a U e )  5 0  TC 49 
D R ( I ) ~ H P ( I ~ ) * A M W ~ I ~ ) / T S I ~ )  
G O  T O  98 
9 9  D e r t I ) r C " *  
9 8  CONTIWIIF 
IF(PN(II,FR,PI tin T O  1 1 1 1  
n N P k ( I ) a H P ( I J )  t A ~ l h ( I 3 ) / P ~ ( I J  
GCI TO i l l ?  
1 1 1 1  W ? P K f l ) * n e  
1 1 1 2  COhrT I k l l F  
38 COhT ThlIE 
DV I@@ 1.1,99
F S t l ) r H P t T ) r A r R ( T )  
F l ) f ~ ) c T S f l ) * l ~ k ( l )  
1 8 8  CON1 IP'Ob 
WtTURhJ 
F k D  
C  
c 
sbewn11T ~ c ~ t  P ~ P S I I P  ( P P )  
O l M € N S J r l N  P ( 1 A )  ,PP(9b+)  
R t A n f S , 2 5 )  ( P ( I 1 ,  l : l , l A 1  
25 FORMAT( f4F lO.P)  
DO 3 1 * 1 , 1 7  
L)O 2 J ' l r 5  
K r ( 1 - 1 )  t5+2+.1  
P P ( K ) ~ P ( I ) + ( F [ I + ~ ~ - P ( J ) ) / ~ . ~ * ~ ~ ~ A T ~ J J ~ )  
2 C 0 N T I N l ) E  
3 COh.TINI!k 
~ ~ ( ~ ) % ~ ( 1 ~ - ( ~ ~ 2 ) - ~ 1 1 ~ ) / 5 . ~ * d . ~  
P P ( ~ ) S P ( I ) - ( P ( ~ ) - ~ ( ~ H / ~ . @ * ~ . ~  
P P ( R ~ ) ~ P ( ~ R ) + ( P ( ~ ~ I - P ( I ~ ) ) / ~ . * I ~  
p p ( e 9 ) a p r  1 4 ) + ( P ( 1 R ) - P ( 1 7 1 ) ~ 5 * * 2 e  
P P ( ~ @ ~ . P ( I ~ ) + ( P ( I R ) - P ( I ~ ) ) / ~ , ~ ~ ,  
D O  4 * .1 ,9A 
P P ( K ) ~ P P ( K ) / ~ . ~  
4 C O N T I N U E  
00 9 I = 1 , 9 @  
I F  (PP  ( I )  ,LT PP ( 1  ) '@.@ 
9 CONTINLJF 
RFTl lR lu  
END 
JAPAN 196R 
4012565,  97R2331,  5h2R478, Qb77769, 4125267,  4894657 ,  3746899.  2763209,  
~ ~ 7 4 3 4 5 ,  2zs68n5 ,  z n a w b ~ ~ ,  i e a z i e s ,  1 4 3 7 5 7 ~ ~  1ce6994,  493sbb, 376786,  
169144,  56153 ,  
3831872.  45V23V5, S3q1962,  Qb3kI77h. ~ 1 9 3 1 8 5 ,  4114705 .  3770907,  3274803,  
2144787,  2559756 ,  E l $ A 7 ! 7 ,  1839825,  1499044,  1133410,  870238,  577972,  
313781,  1315u7. 
Examples of Input 
A G I N G  I h O E x m  19.49 
AGE POPIILA T I O Y  t ~ t  ALThV T I J T A L  SICK PREVALENCE 
(Phi) ( U P )  I T  5 1 ( T S / P N l  
R A T E S  
(DRPN) 
Examples of O u t p u t  
